Introduction We evaluated the psychometric properties of the St George's Respiratory Questionnaire (SGRQ) in patients with idiopathic pulmonary fibrosis (IPF) using data from the two INPULSIS trials. Methods Data from 1061 patients treated with nintedanib or placebo were pooled. Internal consistency, test-retest reliability, construct validity, known-groups validity, responsiveness and responder thresholds were examined. results Cronbach's α was 0.93 for SGRQ total score and >0.75 for domain scores. In patients with stable disease based on change in forced vital capacity (FVC) ≤5% predicted or 'no change' on Patient's Global Impression of Change, intraclass correlation coefficients for the SGRQ total score were 0.72 or 0.76, respectively. Moderate to strong correlations were observed between SGRQ total and domain scores and the Cough and Sputum Assessment Questionnaire cough domains (−0.34 to −0.65), University of California San Diego Shortness of Breath Questionnaire (0.56 to 0.83) and EuroQol 5-Dimensional Quality of Life Questionnaire Visual Analogue Scale (−0.41 to −0.55); correlations with FVC % predicted were weak (−0.24 to −0.30). Longitudinal correlations between changes in SGRQ total score and these patient-reported outcomes over 52 weeks were moderate. Changes in SGRQ total, impact and activity scores were sensitive to detecting improvement or deterioration in FVC >10% predicted at week 52. Collectively, distribution-based and anchorbased approaches suggested using a change of 4-5 points in SGRQ total score as a starting point for responder analyses. conclusions The psychometric properties of the SGRQ support its use as a measure of health-related quality of life in patients with IPF.
IntroductIon
Idiopathic pulmonary fibrosis (IPF) is a progressive fibrosing interstitial lung disease (ILD) characterised by exertional dyspnoea and cough. 1 As IPF progresses, health-related quality of life (HRQL) deteriorates, robbing patients of their emotional well-being and independence. 2 Although developed for use in patients with chronic obstructive pulmonary disease (COPD) or asthma, 3 the St George's Respiratory Questionnaire (SGRQ) has also been used to measure HRQL in patients with IPF. 4 The SGRQ is a self-administered, 50-item questionnaire assessing three domains: symptoms, activity and impact. The symptoms domain addresses the frequency and severity of respiratory symptoms; the activity domain assesses activities that cause or are limited by breathlessness and the impact domain taps a range of aspects concerned with social functioning and the psychological impact of the disease. 3 Scores for each domain and the total score are weighted and range from 0 to 100, with higher scores indicating worse HRQL.
The SGRQ appears to possess acceptable internal consistency, construct validity and responsiveness in the assessment of HRQL in patients with IPF. 4 5 Additional research is needed to confirm the measurement Open Access properties of the SGRQ and develop estimates of clinically meaningful change in this patient population. The results of the two, replicate, placebo-controlled, Phase III INPULSIS trials showed that nintedanib slowed disease progression by significantly reducing the annual rate of decline in forced vital capacity (FVC). 6 Change from baseline in SGRQ total score over 52 weeks was a key secondary endpoint in both trials. In INPULSIS-2, there was a significant difference in favour of nintedanib on this endpoint, whereas there was no significant difference between treatment groups in INPULSIS-1. In pooled data from both trials, the difference between the treatment groups in change from baseline in SGRQ total score at week 52 was −1.43 points (95% CI −3.09 to 0.23) (p=0.09) in favour of nintedanib. 6 In this analysis, we used pooled data from the INPULSIS trials to evaluate the psychometric properties of the SGRQ in patients with IPF. We were particularly interested in assessing the reliability, validity and responder thresholds of the SGRQ in this patient population. To our knowledge, this represents the largest and most extensive analysis of the psychometric properties of the SGRQ in patients with IPF to date.
Methods trial design
The INPULSIS trials were conducted at 205 sites in 24 countries. The design of these trials has been described. 6 In brief, patients ≥40 years of age, with IPF diagnosed within the previous 5 years, FVC ≥50% predicted and a diffusing capacity of the lungs for carbon monoxide (DLco) 30%-79% predicted were randomised 3:2 to receive nintedanib 150 mg twice daily or placebo for 52 weeks. Patients who prematurely discontinued trial medication were encouraged to attend all study visits as originally planned. 6 Both trials were conducted in accordance with the principles of the Declaration of Helsinki and the Harmonised Tripartite Guideline for Good Clinical Practice from the International Conference on Harmonisation and were approved by local authorities. The clinical trial protocol was approved by an Independent Ethics Committee and/or Institutional Review Board at all the participating centres. All patients provided written informed consent prior to study entry.
outcome measures
We present analyses based on measures of FVC and the following patient-reported outcomes at baseline and at week 52 of treatment: the SGRQ, the University of California San Diego Shortness of Breath Questionnaire (UCSD-SOBQ), the cough domains of the Cough and Sputum Assessment Questionnaire (CASA-Q) and the EuroQol 5-Dimensional Quality of Life Questionnaire Visual Analogue Scale (EQ-5D VAS). In addition, we used data from a single Patient's Global Impression of Change (PGI-C) measure taken at week 52.
Spirometry was conducted using sponsor-provided machines according to standardised criteria. 7 The 2008 version of the SGRQ with a recall of 4 weeks was used. 3 The UCSD-SOBQ assesses the severity and limitations of shortness of breath experienced during activities of daily living with varying levels of exertion; it is scored by summing responses across 24 items to form a total score ranging from 0 to 120, with higher scores indicating greater breathlessness. 8 The CASA-Q consists of four domains that assess cough and sputum, and their respective impacts, with response options on a 1-5 Likert scale. Domain scores range from 0 to 100, with lower scores indicating worse symptoms/impact. 9 The EQ-5D VAS is used to assess general health status on a scale of 0 to 100, with higher scores indicating better health. 10 The PGI-C was a single item asking patients to rate their overall status relative to baseline. Its response options were on a sevenpoint Likert scale ranging from 1 (very much better) to 7 (very much worse) (see online supplementary material).
statistical analyses
All analyses were prespecified in a statistical analysis plan that was filed in the sponsor's archive before database lock of the INPULSIS trials, with the exception of the following: responder thresholds were analysed post hoc after a review of the initial analyses; stability/reliability analyses conducted at week 6, as well as those using change in FVC ≤2% predicted as a criterion for stability, were conducted to address reviewers' comments on this manuscript. All analyses were undertaken using pooled data from all patients treated with ≥1 dose of nintedanib or placebo in the INPULSIS trials.
Internal consistency
Cronbach's α coefficient was calculated for the SGRQ total and domain scores, UCSD-SOBQ and CASA-Q cough symptoms and impact domains at baseline. Values >0.7 were considered to indicate a homogeneous scale.
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Stability and test-retest reliability Intraclass correlation coefficients (ICCs) and effect sizes over 52 weeks were calculated for SGRQ total and domain scores, UCSD-SOBQ, CASA-Q cough symptoms and impact domains and EQ-5D VAS in patients who were defined as clinically stable based on the following criteria: (1) a change in FVC ≤5% predicted from baseline in either direction, 12 (2) a change in FVC ≤2% predicted from baseline in either direction, (3) a change in UCSD-SOBQ score of <5 points from baseline in either direction and (4) a rating of 'no change' on the PGI-C at week 52. ICC and effect sizes over 6 weeks were calculated in patients who were defined as clinically stable based on a change in FVC ≤2% predicted from baseline in either direction and a change in UCSD-SOBQ score of <5 points in either direction. The ICC for instrument total/domain scores was estimated from random-effect Open Access models with patient as random effect and by dividing the estimate for the between-patient covariance parameter by the sum of the estimates for the within and between-patient covariance parameter. ICC values >0.7 were considered to indicate acceptable test-retest reliability 11 (at week 6) or stability (at week 52), and an effect size of <0.20 was considered acceptable to support the stability of each score.
Construct validity
Construct validity was assessed cross-sectionally (at baseline) and longitudinally (as changes from baseline at week 52) by comparing SGRQ total and domain scores and FVC % predicted, UCSD-SOBQ score, CASA-Q cough domain scores and EQ-5D VAS. Spearman's correlation coefficients were considered to indicate moderate correlation if the value was between 0.30 and 0.60 and strong correlation if >0.60. 13 Known-groups validity Known-groups validity was assessed by evaluating differences in SGRQ total and domain scores at baseline between patients stratified by FVC % predicted (highest/ lowest quartile) and use of supplemental oxygen (yes/ no). Two-sided t-tests were used to investigate differences between groups.
Responsiveness
Changes from baseline in SGRQ total and domain scores in patients showing improvement or deterioration in health status at week 52 were assessed. Improvement or deterioration in health status was defined as an increase or decrease from baseline in FVC >10% predicted at week 52 and a PGI-C of very much or much better (score 1-2) or much or very much worse (score 6-7) at week 52. Two-sided t-tests were conducted to investigate differences between groups. An effect size of >0.20 supported the ability of a score to detect change.
Responder thresholds
Clinically meaningful change from baseline in SGRQ total score at week 52 was assessed using a triangulation method, including both anchor-based and distribution-based approaches.
In the anchor-based approach, analysis of variance and receiver operating characteristic (ROC) analyses of changes from baseline in SGRQ total and domain scores at week 52 relative to changes in FVC % predicted (≤2% (stable), deterioration/improvement >2% and ≤5%, >5% and ≤10%, >10%), UCSD-SOBQ score (<5 points (stable), deterioration/improvement ≥5 points) and PGI-C (very much or much better/worse, a little better/ worse, no change) were assessed. In the distribution-based approach, three responder thresholds were estimated: 1 SE of the mean (SEM), 14 15 0.2 SD (lower bound of estimate) and 0.5 SD (upper bound of estimate). 16 Handling of missing data All analyses were conducted using observed cases. If there were more than two, four or six missing items in the SGRQ symptoms, activity or impact domains, respectively, the domain was set to missing. results A total of 1061 patients were treated with at least one dose of nintedanib or placebo in the INPULSIS trials. The baseline characteristics of the patient population are presented in online supplementary table S1. Mean (SD) age was 66.8 (8.0) years, FVC was 79.6 (17.8) % predicted, DLco was 47.2 (13.5) % predicted and SGRQ total score was 39.5 (18.9).
Internal consistency
Cronbach's α coefficients were 0.93, 0.77, 0.86 and 0.86 for the SGRQ total, symptoms, activity and impact scores, respectively. Cronbach's α coefficients for the UCSD-SOBQ, CASA-Q cough symptoms and impact domains were 0.97, 0.84 and 0.93, respectively. stability over 6 weeks In patients with stable disease defined as a change in FVC ≤2% predicted from baseline in either direction, SGRQ total score and domain scores met threshold criteria for stability based on both ICC (range 0.72-0.83) and effect size (range −0.060-0.030) (table 1). In patients with stable disease defined as a change in UCSD-SOBQ score of <5 points from baseline in either direction, threshold criteria for stability were met for the SGRQ total score and domain scores based on both ICC (0.76-0.91) and effect size (−0.078-0.015). Threshold criteria were also met for the UCSD-SOBQ and CASA-Q impacts and symptoms domains. stability over 52 weeks In general, SGRQ total scores met threshold criteria for both ICC (0.72-0.87) and effect size (−0.003-0.181) regardless of the definition of stability over 52 weeks (change in FVC ≤2% predicted, change in FVC ≤5% predicted, change in UCSD-SOBQ score of <5 points, no change on PGI-C) (table 1). SGRQ symptoms and impact domain scores did not meet the ICC threshold criteria for stability. Threshold criteria for effect size were met for all SGRQ domain scores except for the activity score using PGI-C as an anchor. For the other instrument scores, only the UCSD-SOBQ met threshold criteria by all definitions over 52 weeks. The EQ-5D VAS did not meet threshold ICC criteria by any definition (0.49-0.68), but met threshold effect size criteria for all anchors except the PGI-C. Results for the CASA-Q domains were mixed. Open Access
Validity

Construct validity
At baseline, moderate to strong correlations were observed between SGRQ total and domain scores and UCSD-SOBQ score, CASA-Q cough domain scores and EQ-5D VAS. Correlations between SGRQ total and domain scores and FVC % predicted were weak (table 2) .
Longitudinal correlations between changes in SGRQ total and domain scores and changes in UCSD-SOBQ score, CASA-Q cough domain scores and EQ-5D VAS at week 52 were generally moderate, whereas correlations with changes in FVC % predicted were generally weak but in the expected direction (table 2) .
Known-groups validity
Patients in the lowest quartile of FVC % predicted at baseline had significantly higher mean SGRQ scores than patients in the highest quartile (figure 1 and online supplementary table S2). Patients using supplemental oxygen at baseline (n=91) had significantly higher mean SGRQ scores than patients who were not (n=952) (figure 1 and online supplementary table S2).
responsiveness Mean changes in SGRQ total score were −6.8 and 13.1 in patients with improvement and deterioration in FVC >10% predicted from baseline at week 52, respectively (between-group difference of 19.9 (95% CI 12.8 to 27.1); p<0.0001) (figure 2). Changes in SGRQ total, impact and activity scores were sensitive to detecting improvement or deterioration in FVC >10% predicted from baseline at week 52; effect sizes for every score were >0.20 (figure 2  and table 3 ). Changes in SGRQ symptoms score detected Open Access a deterioration (effect size of 0.38), but not an improvement (effect size of 0.14) in FVC >10% predicted from baseline at week 52 (table 3) . Mean changes in SGRQ total score were −9.7 and 20.4 in patients with improvement or deterioration according to PGI-C at week 52, respectively (between-group difference of −30.1 (95% CI −34.7 to -25.5); p<0.0001) (figure 2). Changes in SGRQ total and domain scores were sensitive to detecting improvement or deterioration according to PGI-C, with all effect sizes >0.20 ( figure 2 and table 3 ).
responder thresholds
Anchor-based approach Mean (SD) changes in SGRQ total score over 52 weeks in patients who experienced a deterioration or improvement in FVC >5% and ≤10% predicted were 4.8 (15.4) and −4.4 (14.1), respectively (table 4). Smaller changes in FVC % predicted (>2-≤5%) did not correspond to significant changes in SGRQ total score over 52 weeks. ROC analyses were not used because the optimal thresholds for the SGRQ total score using FVC % predicted as a criterion variable had low specificity/sensitivity. Mean (SD) changes in SGRQ total score over 52 weeks in patients with deterioration or improvement in UCSD-SOBQ score of ≥5 points were 11.1 (15.1) and −8.1 (14.1), respectively (table 4). ROC analyses indicated a threshold of 3.3 for deterioration and −2.1 for improvement in SGRQ total score and had fair specificity and sensitivity. Patients who said they were a little worse on the PGI-C had a mean (SD) deterioration in SGRQ total score of 10.1 (12.4) . Patients who said they were a little better had a mean (SD) improvement in SGRQ total score of 0.5 (13.9) (table 4). ROC analyses had low specificity and/or sensitivity.
Distribution-based approach
For distribution-based estimates of responder thresholds, 1 SEM was 10.74, 0.2 SD was 4.24 and 0.5 SD was 10.59. dIscussIon A PRO measure should fulfil accepted criteria for reliability, validity and responsiveness to change. Its threshold for meaningful change is useful for interpreting the impact of interventions. 17 The SGRQ has been used previously to assess HRQL in patients with IPF, but this is the largest longitudinal dataset available that has been used to test its reliability, validity and meaningful change in this patient population. 18 We analysed the psychometric properties of the SGRQ using pooled data from 1061 patients with IPF treated with nintedanib or placebo in the INPULSIS trials. Internal consistency was high for the SGRQ total and domain scores, confirming homogeneity of items within domains and for the entire instrument. The lower internal consistency of the symptoms domain is consistent with previous studies 5 19 20 and may be due to certain items within the symptoms domain (eg, those related to sputum and wheezing) lacking clinical relevance for many patients with IPF. In patients whose disease was clinically stable over 6 weeks, SGRQ total and domain scores all showed acceptable stability. In patients whose disease was clinically stable by all criterion variables over 52 weeks, the SGRQ total score had acceptable stability, but there was variability in the stability of domain scores, likely due to measurement error, which attenuated validity coefficients. The low ICC for the EQ-5D VAS is likely due to the generic nature of the instrument, which by definition is intended to capture all aspects of health in addition to IPF.
The content validity of the CASA-Q cough domains and UCSD-SOBQ has been demonstrated in patients with IPF, with patients reporting that the items in these questionnaires were relevant to their symptoms. 21 In our data, moderate to strong cross-sectional correlations were observed between SGRQ total and domain scores and the UCSD-SOBQ and CASA-Q cough domains, supporting Open Access the SGRQ as an instrument capable of measuring aspects of disease relevant to patients with IPF. Longitudinal correlations, based on changes in these PROs over 52 weeks, were moderate and in the expected directions, thus further supporting validity. These data are consistent with recent findings from the Australian IPF registry 22 and the German INSIGHTS-IPF registry, 23 which demonstrated that dyspnoea and cough were strongly correlated with SGRQ total and domain scores at baseline.
SGRQ total and domain scores clearly distinguished patients in the highest and lowest quartiles of FVC % predicted at baseline and patients who were using or not using supplemental oxygen at baseline. Correlations between SGRQ scores and FVC % predicted were generally weak. This is consistent with the findings of previous studies in patients with IPF, including patient registries and the Phase II TOMORROW trial of nintedanib, in which correlations between the SGRQ total and domain scores and FVC % predicted at baseline ranged from −0.11 to −0.15. 5 22 23 Such weak correlations align with previously reported findings that factors other than lung function, such as patients' general health, comorbidities, mood disturbance, energy level and independence, may have an important impact on HRQL in patients with IPF. [22] [23] [24] [25] [26] However, despite the less-than-strong correlations, analyses showed that changes in SGRQ total, activity and impact scores were sensitive to detecting change in patients with >10% improvement or deterioration in FVC % predicted. This finding is consistent with pooled data from patients with IPF treated with bosentan or placebo in a Phase III study, in which changes in SGRQ scores were able to distinguish patients whose disease status declined, improved or remained stable based on changes in FVC % predicted, DLco % predicted and dyspnoea over a 6-month period. 20 In our analyses, changes in SGRQ scores were also sensitive to change in patients who reported improvement or deterioration based on the PGI-C.
A change in SGRQ total score of 4 points is generally accepted as clinically meaningful in patients with COPD. 3 27 Collectively, our analyses suggest that a change in SGRQ total score of approximately 4 to 11 points over 52 weeks may be clinically meaningful in patients with IPF, but it is not possible to draw a firm conclusion given the ambiguity of the ROC analyses. These preliminary results are, however, similar to findings from the placebo-controlled Phase III study of bosentan, which suggested that a change in SGRQ total score of 7 points over 6 months was meaningful. 20 We recognise that all the anchors we used have limitations. The UCSD-SOBQ was strongly correlated with the SGRQ, but data on its meaningfulness in patients with IPF are scarce. In a study conducted in 164 patients with various chronic lung diseases, a change in UCSD-SOBQ of 5 points was a reasonable estimate of clinically meaningful change. 28 In another analysis of data from 180 patients with IPF and advanced lung function impairment enrolled in a placebo-controlled trial of Table 3 Changes from baseline in SGRQ total and domain scores at week 52 and corresponding effect sizes by changes in FVC >10% predicted and PGI-C at week 52 Open Access sildenafil, results suggested that a point estimate of 8 (range 5-11) represented a meaningful change in the UCSD-SOBQ. 29 We recognise the limitation of estimates based on the PGI-C, given the potential issues with recollection of change over a long-time period. Finally, although change in FVC is a well-established endpoint in trials of IPF, 30 31 the weak correlations with the SGRQ in our analysis suggest that it is not an ideal anchor to inform the meaningfulness of the SGRQ. Our finding that changes in FVC >5% predicted resulted in clinically meaningful changes in SGRQ scores is consistent with data showing a correlation between FVC changes of similar magnitude and outcomes such as hospitalisations and mortality, 12 32-35 but we acknowledge that a pooled analysis of data from the TOMORROW, INPULSIS, CAPACITY and ASCEND trials did not find a statistically significantly increased risk of death in patients who had a decline in FVC ≥5-<10 predicted compared with those who had a decline in FVC <5% predicted. 30 The present analysis supports using a change of 4-5 points as a starting point for responder threshold analyses of the SGRQ total score in patients with IPF. However, given the range of estimates in this analysis and an indication of greater thresholds in the Phase III study of bosentan, 20 we recommend conducting further sensitivity analyses.
This study had several strengths. First, with the exception of analyses of responder thresholds and stability/ reliability analyses conducted at week 6 and using change in FVC ≤2% predicted as a criterion, all analyses were prespecified. Second, data were from two large prospective controlled trials. Third, the 52-week treatment duration provided a long follow-up period over which to assess the stability of scores. The main limitation of our analyses was the timing of the visits at which the PROs were assessed, which restricted certain validity tests. In particular, the PGI-C was only measured at week 52, and patients may have found it challenging to recall their health status over such a prolonged period. Another limitation was the exclusion of patients with severely impaired lung physiology (FVC <50% predicted).
At the start of recruitment into the INPULSIS trials in 2011, the SGRQ was considered the most suitable tool for use in this patient population. Subsequent data from clinical trials and patient registries support its utility in patients with IPF. 5 22 23 Additional tools have been developed specifically for use in patients with ILD (eg, the King's Brief Interstitial Lung Disease (K-BILD) questionnaire 36 ) or IPF (eg, A Tool to Assess Quality of Life in IPF (ATAQ-IPF(-cA)) questionnaire 37 38 and Living with IPF (L-IPF) questionnaire 39 ). The SGRQ has also been adapted for use with patients with IPF, the SGRQ-I, 19 but Table 4 Changes from baseline in SGRQ total score at week 52 by categories of change in FVC % predicted, change in UCSD-SOBQ score and PGI-C at week 52 Open Access analyses are needed to determine its performance characteristics. It is encouraging that these and other instruments are in development. 40 Future studies in patients with IPF should focus on evaluating these questionnaires and their measurement properties. Given its brevity, the K-BILD may be a particularly suitable instrument for use in clinical trials, where the need to collect comprehensive information needs to be balanced with the burden of filling out questionnaires. In such studies, the SGRQ may serve as a useful anchor and platform for development of more specific tools to collect patient-reported information.
In conclusion, the psychometric properties of the SGRQ observed in the INPULSIS trials support the use of this instrument as a measure of HRQL in patients with IPF. Additional research is needed to test the threshold estimates for deterioration and improvement in SGRQ total score over 52 weeks and over shorter intervals, including qualitative interviews with patients and clinicians regarding what they consider a meaningful outcome of treatment.
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